We present a retrospective analysis of 99 consecutive patients with relapsed non-Hodgkin's lymphomas who were older than 65 years at the time of high-dose chemotherapy and autologous progenitor cell transplantation.
introduction
Induction chemotherapy with anthracycline-based regimen can produce complete remission (CR) rates of 50%-70% in patients with newly diagnosed aggressive non-Hodgkin's lymphomas (NHL). However, 40%-60% of patients achieving a CR ultimately relapse leading to long-term disease-free survival (DFS) of 40% [1, 2] . In patients with relapsed or refractory disease, the prognosis with chemotherapy alone is generally poor [3] .
High-dose therapy (HDT) and autologous hematopoietic progenitor cell transplantation (AHPCT) have shown to improve the outcome in relapsed patients who have chemosensitive disease [4, 5] . In the PARMA trial, patients randomly assigned to receive AHPCT had significantly better 5-year overall survival (OS) and DFS than patients receiving continued standard dose chemotherapy [6] . This study involved patients under the age of 55 years, and the role of autologous stem cell transplantation is not well established in older patients.
The majority of lymphoma cases occur in patients older than 65 years. These patients typically have poorer outcomes because of the difficulties encountered during chemotherapy administration, presence of concomitant diseases, diminished organ function, and altered drug metabolism [7] . Only limited information is available on the feasibility and efficacy of HDT and AHPCT in patients >65 years of age [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . We report here results on 99 patients with relapsed or refractory NHL who underwent HDT followed by AHPCT at our institution over 10-year period from June 1996 to March 2006. The aim of this study was to determine the toxicity and nonrelapse mortality (NRM) in this population and to identify prognostic factors if any associated with survival.
patients and methods
We identified all patients who had histologically proven NHL and were older than 65 years of age who received high-dose chemotherapy and AHPCT, treated at our institution from June 1996 to March 2006. Data were collected from an institutional database of blood and marrow transplant recipients and from review of patient records. Patients with uncontrolled medical illness or active infection at the time of planned transplantation were not eligible to receive AHPCT. Written informed consent was obtained from all patients. Patients were treated on collection and processing of progenitor cells
Peripheral blood progenitor cells (PBPC) were obtained either from steady state or during recovery from chemotherapy depending on the protocols for stem cell collection that were active at the time of study entry. The target progenitor cell dose was ‡4 · 10 6 CD34+ cells/kg with a minimal acceptable dose of ‡2 · 10 6 CD34+ cells/kg. Patients who failed to reach that target could undergo BM harvest at the discretion of the treating physician. BM was obtained by multiple aspirations from the right and left iliac crest under general anesthesia. A total of 1000-1500 ml of marrow was obtained for a target total nucleated cell dose of at least 3 · 10 8 cells/kg.
All products were cryopreserved using standard techniques.
preparative regimens and transplantation [20] with or without rituximab (10%) or BEAM, rituximab, and ibritumomab tiuxetan (ZevalinÒ) (2%). The source of stem cells was PBPC in 89% (88 of 99) and BM in 8% (8 of 99) of patients. All patients received growth factors starting at day 0 or +1 after transplantation (granulocyte colony-stimulating factor, granulocyte-macrophage colony-stimulating factor, or both) and continuing till the absolute neutrophil count (ANC) was ‡0.5 · 10 9 /l for three consecutive days. All patients were admitted to the hospital for the transplant. They were discharged to outpatient area once they had engrafted and/or were able to take adequate oral intake. All patients received antibacterial, antiviral, and antifungal prophylaxis from day of admission through engraftment (antibacterial) or through day +30 after transplantation (antiviral and antifungal). Prophylaxis for Pneumocystis carinii was started after engraftment and continued for a minimum of 6 months after transplantation. First-line therapy for neutropenic fever was a combination of fourth generation cephalosporin and vancomycin. Patients received prophylactic packed red blood cell and platelet transfusions if hemoglobin was <8 g/dl and platelets were <20 · 10 9 /l, respectively. All patients received i.v. fluids for hydration from the start of preparative regimen until they were able to fully recover oral feeding and fluid intake.
response criteria CR was defined as the disappearance of all clinical evidence of lymphoma for a minimum of 4 weeks with no persisting symptoms related to the disease. When feasible, biopsy of any residual mass was carried out. For a patient to be categorized as a complete responder, any residual masses had to remain unchanged for 6 months or longer. Partial remission (PR) was defined as a >50% decrease in the sum of the products of the two longest diameters of all measurable lesions for at least 4 weeks and nonmeasurable lesions also had to decrease by at least 50%. Additionally, no lesion could increase in size and no new lesion could appear. Progressive disease (PD) was defined as a >25% increase in the sum of the products of the two longest diameters of any measurable lesion or the appearance of a new lesion. Patients who achieved at least a PR with salvage chemotherapy administered before transplantation were considered to have chemosensitive disease and patients who had less than a PR were classified as chemoresistant.
statistical analysis
Primary end points for the study were toxicity [graded as Common Terminology Criteria for Adverse events (CTCAE v 3.0) [21] ], NRM, and OS (time from AHPCT until death or last follow-up). Time to treatment failure (TTF) (time from AHPCT until disease relapse, disease progression, death during remission, or last follow-up) was also calculated for the most common subtypes of lymphomas. The methods of Kaplan and Meier [22] were used to estimate the median OS and the median TTF. Cox's [23] proportional hazards regression model evaluate potential prognostic factors for development of grades 3-5 toxicity and OS in univariate and multivariate analysis. Statistical significance was determined at the 0.05 level. Factors with significance at the 0.05 level in univariate analysis were further evaluated in the multivariate analysis. Statistical significance was determined at the 0.05 level. Analysis was carried out using STATA [24] .
results patient and transplant characteristics
From June 1996 to March 2006, a total of 99 consecutive patients who were older than 65 years of age and underwent HDT and AHPCT for refractory or recurrent NHL at our institution were identified. Patient and transplant characteristics are summarized in Tables 1 and 2 . There were 30 women and 69 men. The median age at diagnosis of lymphoma was 65 years (range 47-81 years) and median age at transplant was 68 years (range 65-82 years). Fifty-three percent had diffuse large cell lymphoma, and 89% were chemosensitive, achieving at least a partial remission to prior chemotherapy. The median number of prior chemotherapy regimens was two (range [1] [2] [3] [4] [5] [6] [7] [8] . At the time of transplant, 30% of patients had stage III or IV disease and 64% of patients had a HCT-CI of £2.
transplant and engraftment
The median CD34+ cell dose infused/kg was 4.4 · 10 6 (0.08-32.2). All patients engrafted. Median time to reach an ANC of ‡0.5 · 10 9 /l was 10 days (range 7-47). Ten patients never achieved a platelet count of 20 · 10 9 /l. For the remaining 89 patients, the median time to reach platelet count of ‡20 · 10 9 /l was 13 days (range 6-375). Median number of packed red blood cell units transfused were four (range 0-50) and the median number of platelet transfusions required was four (range 0-35).
toxicity Median length of hospital stay was 23 days (range 6-85) for AHPCT with 38% of patients requiring readmission within the Annals of Oncology original article first 100 days. A total of 58 patients developed infectious complications after transplantation. The most commonly isolated organisms were Coagulase-negative staplylococcus (13 patients), Clostridium difficile colitis (6 patients), Candida spp. (7 patients), Cytomegalovirus reactivation (6 patients), and Cytomegalovirus infection (1 patient). There were 15 episodes of fever with no organism identified on cultures (pneumonia, sinusitis, and cellulitis). The most common toxicity was gastrointestinal (mucositis, stomatitis, and diarrhea) in 16% of patients. A total of 36 patients experienced grades 3-5 toxicity (CTCAE v 3.0) Table 3 .
nonrelapse mortality
At the time of this report, a total of 39 patients have died. Cumulative NRM was 8% [95% confidence interval (CI) 4-17] at 26 months and 12% (95% CI 6-22) at 36 months. Four patients died before day 100, three due to transplant-related causes and one due to disease progression. The most common cause of death was disease relapse/progression in 21 (54%) patients, followed by secondary myelodysplasia/acute myelogenous leukemia in eight patients (20%). Causes of death are summarized in Table 4 .
response to AHPCT and OS
A total of 83 (83%) patients achieved a CR after transplantation. At the time of this analysis, the median follow Prior chemotherapy regimens, median (range) 
prognostic factors
In the univariate analysis, International Prognostic Index (IPI) > 1, lactate dehydrogenase (LDH) > upper limit of normal, having received BM grafts, and having stable disease (SD)/PD at the time of transplantation were associated with a significantly worse OS (P < 0.05). On multivariate analysis, only LDH > upper limit of normal [HR 3.3 (95% CI 1.6-6.8); P = 0.002] and having SD/PD [HR 4.3 (95% CI 1.7-10.9); P = 0.002] remained significant factors for survival. Of the eight patients who received BM grafts, four also had LDH values > normal and due to the small number of patients we were unable to adjust for graft type in the multivariate analysis for OS. Age, gender, histology, number of prior chemotherapy regimens, rituximab in the preparative regimen, time from diagnosis to AHPCT, HCT-CI, and stem cell dose infused were not significant predictors of OS (Table 5) .
Having a HCT-CI of £2 at the time of transplantation predicted for a lower incidence of grades 3-5 toxicity (HR 0.3, P = 0.006). Other factors that impacted on the development of grades 3-5 toxicity included receiving Cy/TBI (P = 0.001) as the preparative regimen and age <68 years (P < 0.001). IPI score, disease status and stage at the time of AHPCT, LDH, number of prior chemotherapy regimens, time from diagnosis to AHPCT, source of stem cells, rituximab in the preparative regimen, and stem cell dose infused were not significant predictors for developing grades 3-5 toxicity. secondary myelodysplasia/acute leukemia A total of eight patients developed secondary myelodysplasia/ acute leukemia after transplantation at a median of 20 months after AHPCT (range 6-79 months). The cumulative incidence of developing secondary myelodysplasia/acute leukemia was 16% (95% CI 7-35) (Figure 3) .
discussion
This retrospective analysis is the largest study published to date that examines the outcome of autologous stem cell transplantation in patients older than 65 years of age. Until recently, elderly patients were not considered to be appropriate candidates for clinical trials of HDT and AHPCT because of concerns regarding the toxicity of high-dose chemotherapy in older, frailer patients. On the basis of the PARMA study [6] and others, HDT followed by AHPCT is currently considered to be the standard of care for young patients with relapsed chemosensitive aggressive NHL. The upper age limit for autologous transplantation in the PARMA study was only 55 years, the use of autologous stem cell transplantation in older patients is not well established.
No randomized studies have been carried out in older patients. Several small studies have indicated that autologous transplants can be carried out in older patients with hematologic malignancies [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , but only limited information is available on the feasibility and efficacy of HDT and AHPCT in patients >65 years of age.
The median age of the patients at the time of AHPCT in these studies ranged from 62 to 67 years. The study where the median age was 67 years, however, included only 10 patients [12] . The 100-day transplant-related mortality (TRM) ranged from 0% to 11%, which is comparable to our study in which the 100-day mortality was 4% and the cumulative NRM at 26 months was 8%. The mortality is comparable to the studies in patients <60 years of age. For example, early TRM was 3% in NHL patients <60 years of age who received AHPCT in Finland (1990 Finland ( -2003 [17] and 0% in a single institution study [19] . 
Annals of Oncology original article
In a recent study by Jantunen et al., a total of 88 NHL patients >60 years old received AHPCT in six Finnish transplant centers between 1994 and 2004. Median age in their study was 63 years (range 60-70 years), and only 17 patients were >65 years. The median time to engraftment of neutrophils >0.5 · 10 9 /l and platelets >20 · 10 9 /l were 10 and 14 days, respectively. The 100-day TRM was 11%. With a median follow-up of 21 months for all patients, 45 patients (51%) were alive. The authors concluded that AHPCT is feasible in selected elderly patients with NHL but in their study the early TRM seemed to be higher than in younger patients [17] . Although the results are similar to those observed in our study, the median age at the time of transplantation was higher in our study (68 versus 63 years).
In the present study, disease status and LDH levels at the time of transplantation were the only factor that impacted OS on multivariate analysis. The 3-year OS for the entire cohort was 61% (95% CI 49-71) (Figure 1) . The 3-year TTF was 48% (95% CI 33-62), 69% (95% CI 36-87), and 64% (95% CI 22-87) for diffuse large B cell, mantle cell, and follicular lymphomas, respectively (Figure 2) . In a parallel study of AHPCT in patients who were younger than 65 years of age at the time of their transplantation for relapsed chemosensitive diffuse large B-cell lymphoma, the OS and DFS at 2 years were 80% and 67%, respectively [19] .
Eligibility criteria for transplantation typically include consideration for comorbidities. HCT-CI of >2 at the time of original article Annals of Oncology transplantation did not predict for higher NRM. Patients with higher scores, however, were at significantly higher risk for developing grades 3-5 toxicity after transplantation. Although this scoring system was originally described for patients undergoing allogeneic transplants, it has been applied to elderly patients undergoing chemotherapy for acute myelogenous leukemia [25, 26] and also appears useful for evaluation of autologous stem cell transplantation. The cumulative incidence of secondary leukemia/ myelodysplastic syndrome was 16% in this study. This appears somewhat higher than in many studies of high-dose chemotherapy and autologous transplantation in younger patients. This may be a reflection of the rising incidence of myelodysplasia with age [26] . All eight patients who developed secondary myelodysplasia/leukemia were >65 years of age at the time of their transplantation. There was also a trend toward increasing incidence in patients who had received >3 chemotherapy regimens before transplantation. However, because of the small number of cases none of these reached statistical significance on univariate analysis.
One of the limitations of this study and others is the retrospective nature of this analysis. Thus, we are not able to determine how many elderly patients were not considered candidates for AHPCT because of age, Zubrod Performance status score, failure to mobilize adequate stem cells, or other, more severe comorbidities.
In conclusion, this retrospective analysis indicates that elderly patients can undergo high-dose chemotherapy and autologous stem cell transplantation with acceptable NRM. Patients with relapsed NHL who achieve a CR/PR to salvage chemotherapy and have normal LDH have the best prognosis. Although, the numbers are small in our study, HCT-CI of ‡2 had a greater risk for grade 3 or higher toxicity but not NRM. Patients over the age of 65 years should be considered candidates for HDT and stem cell transplantation and should also be included in clinical trials to optimize the management of lymphomas.
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